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ADEQUATE  UTILIZATION  OF  GPS  RESOURCES  TO  PROMOTE  THE 
DEVELOPMENT  OF  CHINA'S  AVIATION  INDUSTRY 

Xu  Guozhen 


ABSTRACT 

After  going  through  numberless  calamities,  setbacks,  and 

(global  positioning  system)  project, 
which  lasted  20  years,  finally  announced  the  completion  of 
deplo^ent  of  the  GPS  satellite  constellation  which  includes  24 
followpg  the  sending  of  the  last  GPS  satellite  into 
orbit  by  the  U.S.  in  the  middle  ten  days  of  April  1993. 

GPS  is  one  of  the  biggest  developments  in  the  field  of 
aviation  and  space  navigation/monitoring  technology  since  the 
introduction  of  radio  navigation  50  years  ago.  The  impact  of  GPS 
on  aviation  is  particularly  profound.  The  reason  is  that,  due  to 
Its  success.  It  allows  us,  for  the  first  time  in  history,  to 
achieve  a  basic  system  which  is  capable  of  guiding  all  fliaht 
was  the  first  year  that  the  GPS  aviation  market 

iic  ihfi  airfields)  really  took  off.  The  reason 

was  that  the  whole  satellite  constellation  had  gone  into 

operation,  creating  the  conditions  for  aviation  applications 
associated  with  high  precision  and  global  coverage^ 

years,  internationally,  global  navigation 
satellite  system  (GNSS) ,  using  GPS  as  a  foundation,  as  well  as 
future  aerial  navigation  system  (FANS),  using  GNSS  as  a 
foundation,  have  come  forward  one  after  the  other.  Both  of  these 
are  important  applications  of  GPS  in  aviation.  Obviously,  the 
appearance  of  new  technology  will  bring  important  benefits  for 

However,  it  also  presents  new  challenges.  In 
these  very  promising  new  technologies  using  a 
realistic  attitude,  let  us  begin  from  investigating  GPS 

application  prospects,  combining 
a  which  we  should 

of  GPS  expectation  of  making  better  use 

industry  ^  promote  the  development  of  China's  aviation 

KEY  TERMS  GPS  navigation  Precision  landing  Air  traffic  control 
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1  The  Battle  Around  GPS  Management  Jurisdiction 

The  GPS  global  positioning  system  is  a  strategic  project  of 
enormous  scale  the  development  of  which  was  done  by  the  U.S. 
Department  of  Defense.  From  the  day  the  execution  of  the  project 
began,  it  was  in  the  realm  and  under  the  control  of  the  U.S. 
military.  Up  to  now,  a  network  of  24  satellites  has  been 
initially  set  up.  The  U.S.  Defense  Department  has  already 
invested  10  billion  U.S.  dollars.  After  that,  in  order  to 
realize  monitoring  and  control,  adjustments,  and  supplementation 
of  the  GPS  satellite  constellation,  each  year,  the  U.S.  Air  Force 
will  still  pay  at  least  500  million  U.S.  dollars  in  maintenance 
costs.  As  a  result,  there  are  dual  considerations  in  military 
terms  and  economic  terms.  Within  the  U.S.  domestically  as  well 
as  between  the  U.S.  and  other  nations,  disputes  associated  with 
management  jurisdiction  surrounding  GPS  applications  become 
clearer  and  sharper  by  the  day. 

(1)  Control  Questions 

Due  to  the  fact  that  GPS  was  primarily  designed  for  military 
missions,  the  Clinton  government  hopes — with  a  presupposition  of 
guaranteeing  conformity  to  the  requirements  of  national  security- 
“to  strive  to  reach  a  maximum  number  of  civilian  users,  in 
conjunction  with  this,  it  is  claimed  that  this  is  one  type  of 
development  which  Clinton  wants  to  see.  However,  the  U.S. 
military  has  believed  all  along  that  its  exercising  of  control 
yi'th  regard  to  GPS  is  a  problem  of  legality,  stressing  that  "even 
into  the  next  century,  the  Defense  Department  will  still  be  the 
manager  of  GPS".  The  military  is  concerned  that,  due  to  the  fact 
that,  in  military  activities,  the  possibility  of  opting  for  the 
use  of  satellites  is  in  the  midst  of  becoming  more  and  more  /2 
obvious,  "the  U.S.  must  limit  the  military  departments  of  other 
nations  opting  for  the  use  of  space  based  spy  satellites  and 
navigation  networks".  For  this  reason,  the  U.S.  firmly  maintains 
the  implementation  of  two  types  of  accuracy  levels  with  regard  to 
GPS  users  (that  is,  the  P  code,  which  pertains  to  precision 
positioning,  and  the  standard  positioning  C/A  code)  for  service. 

In  conjunction  with  this,  in  September  1992,  together  with  the 
Department  of  Transportation,  GPS  operating  capabilities  were 
redefined  in  order  to  facilitate  the  adding  of  distinctions  with 
regard  to  military  and  civilian  users. 

Most  recently,  when  the  U.S.  Defense  Department  discovered 
that,  in  the  markets  of  the  Middle  East,  a  type  of  GPS  receiver 
was  being  sold  which  had  a  price  of  only  729  U.S.  dollars,  it  was 
decided  to  draw  up  further  plans  for  a  series  of  classifications 
in  order  to  strengthen  control  with  regard  to  the  export  of  GPS 
receivers.  It  is  said  that  preparations  are  also  being  made  to 
dispatch  military  monitoring  personnel  to  plants  that  produce 
receiver  antennas . 

In  order  to  put  an  end  to  this  long  and  drawn  out 
controversy  surrounding  GPS  control  jurisdiction,  the  U.S. 
Department  of  Transportation  and  Department  of  Defense  put  to 
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rest  disputes  associated  with  the  operations,  technology,  and 

systems  with  respect  to  expanding  civilian  use  of 
GPS  .  In  June  1993,  a  Defense  Department-Transportation 
Department  combined  special  operating  team  was  set  up.  its 
mission  IS  combined  review  with  regard  to  the  development  of  GPS 
applications  in  order  to  facilitate  making  this  satellite  svstem 

■=?  If  being  effellLI^f 

used  for  the  two  military  and  civilian  objectives.  Review 
reports  are  planned  to  be  completed  at  the  end  of  1993.  However 
according  to  disclosures,  in  order  to  decide  civilian  uses  of 
military  technology,  and,  in  conjunction  with  that,  to  also 
guarantee  the  leadership  position  of  the  D.S.,  from  now  on,  there 
IS  a  possibility  of  carrying  out  investigations  with  regard  to 
civilians  making  use  of  GPS.  ^ 

(2)  Jamming  Problems 

“^i^tary  has  been  concerned  right  along  with  the  so 
abuse".  However,  like  all  similar  frontier 
technologies,  the  commercial  value  of  GPS  is  extremely  great 
The  reasons  are:  ^  ^ 

--absolutely  military  or  civilian  technology  does  not  exist 

technology  possess  ' 

—natural  laws  are  universal.  They  will  not  change  from  one 
country  to  another.  The  only  possibility  of  securing  the  entire 
contents  is  in  technologies  in  engineering  and  manufacturing; 

®  number  of  technologies  which  are  most  useful  in  military 
matters  are  equally  important  when  speaking  of  civilian  uses. 

another°field  transfered  to 

,  problem  of  strictly  controling  the 

become  very  difficult.  The  idea 

the  U.S.  military  has  for  a  method  of  determination  is  to  opt  for 
the  use  of  a  traditional  military  method  of  doing  things — 

3  amming •  ^ 

^^®  method  of  jamming  is  simply  shuting  down  GPS 

®  least,  when  flying  over  the  air  space  of  local 

regions  where  dangers  exist.  However,  following  along  with  the 

®  global  commercial  system 

will  be  set  up  in  the  future.  Therefore,  this  type  of  method  of 

shuting  down  is  not  workable,  unless  it  is  possible  to  obtain 
global  cooperation.  wwi.aj.xi 

The  second  type  of  method  is  opting  for  the  use  of  secure  P 
code  in  military  receivers.  In  navigation  satellites  which  have 
recently,  there  is  a  type  of  electronic  jamming 
system  in  all  cases  in  order  to  make  navigation  signals 
distorted.  Military  receivers  which  opt  for  the  use  of  P  code 
possess  a  type  of  specialized  computer  chip,  it  is  capable  of 
making  this  type  of  electronic  jamming  be  bypassed.  Moreover,  in 
P  code  receivers,  it  is  also  possible  to  install  a  type  of 
controlable  reception  pattern  antenna  (CRPA) .  This  type  of 

capable  of  detecting  jamming  signals,  in  conjunction 
the  antenna  is  made  to  be  not  sensitive  in  the 


rtr.„gthening  it.  own 

, . third  type  of  method  is  primarily  directed  towa-rd 

saf"J?Sr„T  SIpa^Le^Sficials 

Department  has  right  along  paid  serious 

its  2ffS?ts-  SSino'TL”^  capable  of  counteracting 

'  through  the  use  of  "selection  availabilities" 

The  U~s”  d^eQ^nn^  precision  positioning  information". 

The  U.S.  does  not  oppose  limited  scope  difference  GPS  technoloav 
The  reason  is  that  DGPS  installations — in  the  unlikely  event  of* 

wiSr^e^  H®"®''®"^'  difference  calibratioL  over  a 

Wide  region  mean  that  any  person  is  capable  of  making  use  of 

wit^^S^^fb  ®g«iP”‘®nt  i"  all  cases,  guiding  thei?  SeJpo^s 
Within  global  ranges,  in  particular,  it  very,  very  greatly 
increases  the  homing  precision  of  cruise  missiles/  ?f  ?iis  is 
JhJ  services  then  become  meaningless.  As  a  result 

the  U.S.  Defense  Department  is  very  much  on  guard  against  this  ' 
problem  and  is  in  the  midst  of  looking  for  really  practicable 
limiting  DGPS  services.  However,  following  along  with 
modern  technology,  these  jammings  can\e 
iddff®  example,  users  are  capable  of  carrying  out  the 

addition  of  encryption  with  regard  to  the  radio  data  liLs  which 

sJtellitS^^?nd  transmission  between  ground  stations  and 

satellites,  and,  in  conjunction  with  that,  giving  them  stronaer/3 
counter  jamming  characteristics.  Even  in  time  of  war  it  is  ^ 

SffLinS  discovered  and  jammed!  “icf  future 

it^loJI^M^  capable  of  being  checked  nor  is 

as  sa?im  ?ha?  eaci""^?!  •  •!?  ^  t*'®  same 

as  saying  that  each  military  unit  in  the  world  is  capable  of 

Of  DGPS  in  every  case.  Moreover,  destroying  ground 

interference  data  links  cannot  prove  very 

r  .^".this  regard,  the  U.S.  Air  Force  irii  thr 

newly  designing  the  operating  characteristics  of  the 

hoping  to  find  a  way  in  terms  of  whole 

on^rj  ?  •  the  ability  to  execute  controls  on  DGpI 

once  a  regional  conflict  has  occured. 

The  fourth  method  is  to  opt  for  the  use  of  electronic 
jaming.  The  U.S.  military  has  a  tentative  idea  abouHsing 
electronic  methods  during  future  wars  to  confuse  GPS  signals  so 
foreign  weapons  change  course,  and,  in  conjunction 
with  that,  deviate  from  their  targets.  However,  enemies,  in  the 
me  way ,  are  capable  of  jamming  U.S.  navigation  signals  therebv 
causing  missiles  to  miss  their  targets.  fIv  this  Hason,  thf  ^ 

Even  if  developing  a  specialized  technology. 

^  Damming  device  broadcast  signals  have  powers  a 
billion  times  stronger  than  GPS  signals,  GPS  receivers  are 
capable  of  detecting  navigation  si|nals.  ^e^^e^vers  are  still 

(3)  Problems  Collecting  Fees 

The  ten  billion  U.S.  dollars  that  GPS  has  already  consumed 
apportions  out  to  50  U.S.  dollars  for  every  taxpayer.  Moreover 

million  U.S.  dollar  maintenance  costs  every  year 
will  then  require  that  each  U.S.  citizen  must  continuousirpar 
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fees  beyond  their  tax  burden.  For  this  reason 
domestically  in  the  U.S.  to  require  the  go^er^^en?  to 
collect  costs  from  global  C/A  code  users  is  very  areat  Howe^vor- 

causes,  the  U.S.  government  has  never  ' 

1991  ^  contrary,  on  5  September 

1991,  the  U.S.  government— in  the  International  Civil  Aviation 

f  meeting,  "The  U.S.  government 
provide  to  civil  aviation  limited  precision  global  satellite 
beginning  in  1993  fo?  at  least^lf^ea^S! 
ani  service  period,  the  U.S.  government  will  not  collect 

any  additional  type  of  fees  from  users."  in  order  to  disnel  user 
^  further,  it  was  again  announced  later 

guarantees  to  the  International  Civil  Aviation 
lieSssa?^  to  no?U  charges  in  plans,  it  will  be 

?rii;spSa?ion  Spartaen?.“‘®  Department  and 

regard  to  carrying  out  controls  on  GPS 
ilization,  it  is  an  established  policy  of  the  U.S.  militarv 

facing  controled  in  the  hinSs  o^Jhi 
.S.  military  is  a  question  which  is  certainly  a  widesnread  user 
concern.  This  problem  will  necessarily  also  give  rise^o  serious 
attention  from  China.  For  this  reason,  we  be|in  in  thirartic?^ 
to  bring  up  this  question  in  order  to  facilitate  additional 
consideration  during  the  development  of  China's  utilizatioi  of 


L  Si  SS*  Navigation  Using  Inertia 

histo^^of%he®TT^S^^?®^  avionics  improvement  project  in  the 
OiOfi  ^  f  ^  Force.  During  the  19  years  from  1988  to 

2006,  It  IS  projected  that  there  will  be  close  to  12000  militarv 
‘  “  retrofitted  with  GPS  reoeiverl  primariiy  SlI 

bllll™  nS""®!  fhe  total  investment  is  Slose  to  1.8 

billion  U.S.  dollars.  In  the  area  of  civil  aircraft  on  fh/a 

cS^erciar^fiSLft^^^d°"  fon  (FAA)  estimates, 

aircraft  and  general  aviation  aircraft  equiped  with 

.  global  satellite  navigation  systems  (GPS  or  other 

hf  systems)  will  be  projected  as  Jo  So  Aircraft 

^^9  middle  1990 's,  as  80000  aircraft  by  the  year  2000  and  It 
will  increase  to  200000  aircraft  by  the  year  2010.  The  " 

havi^a?n^°S  aircraft  navigation  will 

have  already  become  an  unstopable  trend.  Moreover,  the 

SSScJSlTimoortfn?”^  for  an 

especially  important  place  in  navigation  applications. 

anH  /ears,  the  mutually  complementary  nature  of  GPS 

and  inertial  guidance  systems  (INS)  has  been  repeatedly  stressed 

international  Seminars  and  IISl?i?if 

references.  The  reason  is  that,  compared  to  all 

navigation  systems,  GPS  possesses  a  compeling  advantage  in 
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accuracy.  However,  the  special  characteristic  of  inertial 
systems  being  completely  autonomous  is  still  one  GPS  does  not 
possess.  Therefore,  GPS  and  inertial  guidance  combinations  have 
already  become  an  important  development  trend  in  aircraft 
navigation.  Table  1  summarizes  mutually  complementary 

Below,  further  analysis  is  carried 
out  of  this  type  of  combination. 

(1)  Advantages  of  GPS/INS  Combined  Navigation 

GPS  is  one  type  of  bounded  system.  So  long  as  receivers  are 
capable  of  receiving  satellite  signals,  it  is  then  possible  to 
operate.  Pseudo  range  and  pseudo  range  rate  data  provided  are 
capable  of  being  used  in  order  to  calculate  position  and  speed 
errors  associated  with  combined  systems.  However,  inertial 
systems  are  unbounded.  The  errors  increase  as  a  function  of 
navigation  times.  As  a  result,  it  is  necessary  to  add  /4 
copections  at  fixed  intervals.  Taking  GPS  position  data  and 
using  It  to  act  as  continuous  or  selected  corrections  with  reaard 
to  inertial  system  navigation  solutions,  it  is  then  possible  to 
increase  the  accuracy  of  inertial  systems.  On  the  basis  of 
viev^oints  associated  with  increases  in  errors,  in  this  type  of 
system,  there  is  then  a  possibility  of  permiting  option 
accuracie^^  inertial  systems  associated  with  relatively  low 

,  GPS  information  and  information  coming  from  inertial  systems 
IS  used  to  carry  out  comparisions.  After  that,  making  use  of 
^^f^®^fuce  values  to  act  as  one  type  of  means  to 
standardize  inertial  components,  they  are  capable  of  being  used 
to  make  aerial  alignments  of  inertial  systems,  thereby  permiting 
possibility^^^^  scramble,  making  high  speed  reaction  into  a 

There  are  basically  two  forms  of  inertial  system  errors— 
random  and  repeated.  Going  through  GPS  to  act  as  the  true 
position,  it  is  then  possible  to  see  how  repeatable  errors 
associated  with  inertial  systems  change  as  a  function  of  time  and 
maneuver  movements.  Once  GPS  systems  are  lost,  combined  sysLmf 
are  capable  of  reversing  themselves  to  make  use  of  the  inertial 
systems  carrying  the  errors.  However,  they  have  already  been 
reduced  to  where  there  are  only  remaining  random  errors. 

As  IS  widely  known,  inertial  systems  on  fighter  planes  plav 
various  roles  for  example,  course  guidance,  providing  data  for 
weapons  release,  flight  control,  stability  sensors,  as  well  as 
transmission  alignment,  and  so  on.  Among  these,  the  first  two 
roles  are  the  most  important.  Due  to  the  fact  that  any  one  type 
of  medium  accuracy  inertial  guidance  system  is  capable,  in  all 
cases,  of  providing  navigational  accuracy  which  is  far,  far  in 

needed  for  fighter  plane  course  navigation,  as 
a  result,  the  accuracy  requirements  with  regard  to  fighter  plane 
inertial  guidance  systems  will  primarily  be  determined  by  the 
accuracy  of  data  required  for  weapons  release.  These  data 
include  horizontal  speed,  vertical  speed,  as  well  as  angle  of 
depression  and  angle  of  roll.  ^ 
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to  stanSrdizf  data 

defensive  penetration  Ltack  perioL--dSe^S‘th^°^®°^?^'  during 
severe  jamming  and  disruption  of  gpI  the  existence  of 

defensive  penetration  periods  it  is  maximum  20  min 

on  inertial  systems  ?o  opi?at4  1^%^=  Possible  to  rely 

"  Sr“?erfst?«"“’^““''  Complementary  GPS  and  INS 


GPS 

-High  precision  position  output 
(C/A  code,  100-157m,  three 
dimensions,  root  mean  sguare) 
-Bounded  position  error 

“High-precision  speed  output 
—Precision  depends  on  aircraft 
dynamics 

“ir^itialization  not  required. 

In -  conjunction,  can  be  used  in 
initial  alignment  of  inertial 
sensors . 

-Requires  4  visible  satellites 
(GPS  is  influenced  by  such 
things  as  multiple  path  effects 
and  geometrical  distribution) 
-Provides  precision  time  data 
-Fuselage  acceleration  not 
provided 

“Hata  replacement  rate  relatively 

single  GPS  satellite  posseses 
relatively  low  integrity 


INS 

pi^scision  position  output 
(0.8n  mile/h,  circular 
probability  error,  typical) 
-Inertial  sensors  have  drift 
tendency 

-Speed  output  slow  to  change 
-Precision  and  aircraft 
dynamics  not  related 
-Requires  setting  of  initial 
values 


—No  requirement  for  external 
data- (inertial  system 
precision  and  environment  not 
related) 

“No  time  data  provided 
-Aircraft  attitude,  attitude 
change  rate,  and  acceleration 
provided 

“Data  replacement  rate  high 

“Single  inerital  sensor 
possesses  relatively  high 
integrity 


valuefa«ScLtil“ilh®8-!Ln^?'M"  target 

precisions,  horiiSntel“Soc?ty'’^ccSacieI 

corresDondina  tn  axis.  As  far  as  velocity  errors 

precisions  corresponding  to  4ft/s  speed^r^rs  should  be  4  •  5-9  •  On 
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niile/h  (circular  probability  error)  .  The  general  case  is  that 
defense  penetration  times  of  10-20  min,  with  a  flight  cross 
section  of  first  attack/wheel/renewed  attack,  is  more  than 
sufficient.  As  a  result,  making  use  of  this  time  section  in 
to  determine  inertial  navigation  system  precision 
requirements  is  very  conservative.  The  conclusion  of  analyses  is 
that,  when  there  is  GPS  assistance,  4-8n  mile/h  (circular 
Probability  error)  inertial  navigation  system  accuracies  are 
sufficient  to  satisfy  the  weapon  release  requirements  expected  in 
fighter  planes  for  defense  penetration  periods  of  10-20min. 

At  present,  as  far  as  defense  departments  with  a  global 
scope  are  concerned,  they  are  all  evaluating  the  potentials  which 
combining  GPS  receivers  and  inertial  systems  together  will  give 
aircraft,  missies,  ground  carrier  vehicles,  and  ships.  The 
reason  is  that  this  type  of  combination  will  take  the  inherent 
high  band  width  and  low  noise  characteristics  of  INS  and  combine 
them  perfectly  with  the  low  band  widths  and  precision  ranging 
capabilities  of  GPS  receivers. 

(2)  Three  Types  of  Coupling  Methods 

In  actual  applications,  there  are  three  main  coupling 
methods  between  INS  and  GPS  receivers.  They  are  loose  coupling, 
close  coupling,  and  tight  coupling.  In  loose  coupling  of  GPS  and 
INS,  GPS  receivers  basically  function  as  an  autonomous 
navigational  instrument.  They  are  capable — through  automatic  or 
manual  methods--of  supplying  periodic  position  (or  possibly 
speed)  corrections.  This  is  one  type  of  typical  respectively 
independent  level  of  combination.  The  output  characteristics 

be  better,  in  all  cases,  than  any  one  independent  system. 
However,  it  is  only  capable  of  utilization  under  conditions  of 
low  fuselage  dynamics  and  low  interference  (for  example,  civil 
aviation  aircraft) .  In  environments  of  high  dynamics  and  high 
interference,  GPS  receivers  are  not  capable  of  simultaneously 
tracking  and  queuing  the  4  satellites  needed  for  a  single 
navigation  solution.  System  precisions  will  drop  down  to  INS 
short  term  precisions. 

In  a  close  coupling  type  of  GPS/INS,  GPS  receivers  and 
inertial  guidance  systems  respectively  possess  a  Kalman  wave 
filter  device.  They  produce  navigation  (position  and  speed)  data 
transmited  through  an  MIL-STD-1553B  data  trunk  line  to  any 
central  computer.  After  that,  they  are  then  combined  there  with 
a  third  wave  filter  device.  After  opting  for  the  use  of  this 
type  of  method,  GPS  and  INS  assist  each  other.  However,  the 
precision  of  navigational  solutions  depends  on  carrying  out  very 
detailed  processing  on  time  synchronous  data  within  these  three 
wave  filter  devices. 

In  tight  coupling  set  ups,  GPS  receivers  are  made  into  an 
EGI  (Embedded  GPS-INS)  system  where  a  piece  of  circuit  board  is 
embedded  into  INS  cases.  Independent  Kalman  wave  filter  devices 
are  used  in  order  to  take  the  original  inertial  measurement  data 
(speed  increments  and  attitude  increments)  and  carry  out  tight 
coupling  with  satellite  measurement  data  (pseudo  range  and  pseudo 
range  rate) .  Due  to  the  fact  that  what  is  coupled  is  measurement 
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"®''i9ational  data,  it  permits  wave  filter  devices  to 
attor  models  relatively  accurately  therebv 
making  it  possible  to  supply  a  continuous  and  accurate 

s«elSiee®  solution  even  if  the  field  of  view  is  smaller  than  4 

(3)  Embedded  GPS  Inertial  Systems  (EGI) 

GPq  of  Gemination  navigation  system  called  "embedded 

SplicSons  wide  IprSd 

year  thi  S%  noi  beginning  of  this 

^ill'ao?  f  Department  indicated  that  the  Air  Force 

service  for  this  type  of  system  The 
^PP^^®®'^^ons  of  EGI  are  the  various  F-15A/B/C/D  models 
3??.  procurement  plan  is  for  a  total  ora^Snd  ?lo  sels 

witiiin  the  5  years  after  1993  or  1994.  Following  that  thL  Sni 

other  models  of  combat  aircraft  (for  example 

the  F-16) .  The  reason  is  that  these  aircraft  plssltl  Similar' 
requirements  in  a  great  many  areas.  possess  similar 

Mutual  compensation  correlations  clearly  show  that  inertiei 
^idance  and  GPS  combinations  are  one  type  of  idSSl  nSviSS?i™Sj 

GPS  receiSSSS  aSS  SSSi  SSd 

installed  inside  INS  cases,  then,  make  this  type  of  combination 
reach  optimum  performance.  The  principal  reason  for  the  U  S 
development  of  EGI  is  in  order  tS  protLt  GPS  encStS  p  code 
bJISfi?;.  Jb  af^PP^ss-S  before,  tee  n.S.  Defend® oSpa^^S^? 
niibei'a  sending  of  satellite  data  corrections  to  users 

the  range  of  "reception  authorized"  GPS  users  in 

min??  S'"-  I”  ^Ptual  implemen?SiiS  the 

manifestamons  are  that  the  u.s.  National  Security  Agency  does 
permit  GPS  receivers  that  can  supply  P  SSSe  SrviSe  to 
pr^i^  P^®cision  pseudo  ranges  and  pseudo  range  rates  for 
??  °“tsiae  their^owi  c“ef?  Even 

2k^^®  transmissions  to  the  outside,  option  is 

^de  for  the  use  of  secure  trunk  lines,  when  use  is  made  of 
hidden  variables  to  lock  them  up,  the  whole  system  is  still 
secure,  it  is  possible  to  make  data  securit/2x?LftS  48  hours 
?n?f  if  °ne  takes  GPS  receivL^anS  e^eds 

into  INS  cases  possessing  appropriate  shielding,  then  GPS  nseudo 
ranges  and  pseudo  range  rates  are  then  able  to  carr^^ut  direct 
mixing  with  inertial  data  using  relatively  good  time  /6 

SA— it  is  also  possible  to 
^‘^'''■^^tages  of  GPS  and  INS  combination, 
acc  •  f  cause  is  data  gap  problems.  One  type  of  system 

coupling  is  Capable  of  receiving  ^ 
coming  from  any  satellite  that  can  be  gotten 
reduce  to  a  minimum.  Conversely' 
what  combination  designs  associated  with  loose  coupling  and  close 

navigation  data.  Hhen  receive?s  can^o? 

4  satellites,  navigation  data  will  be  lost.  This  is 
flioht®  than  saying  that  carrier  dynamics,  low  altitude 

givIn^r^se^lTfrl^datT^a^^^f  constellations  are  all  capable  of 
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The  third  reason  is  counter  jainining  characteristics 
problems.  Embeded  type  installations  are  better  able  to  counter 
Damming  than  independent  set  ups.  A  test  was  made  making  an 
aircraft  flying  at  an  altitude  of  150m  deal  with  a  target  equiped 
with  a  2kW  wide  frequency  band  (2OMH2)  noise  jamming  device. 

This  aircraft  was  equiped  with  independent  INS  and  GPS  systems. 
Moreover^  the  receivers  for  which  option  is  made  are  fixed 
reception  pattern  antennas  (FRPA) .  Test  results  were  that  it 
will““roughly  within  a  range  of  190km  (equal  to  a  M  0.8  flight  of 
12min) — receive  jamming.  However,  using  an  embeded  type  set  up 
and  FRPA,  these  data  will  respectively  drop  to  be  95km  and  6min. 
When  option  is  made  for  the  use  of  a  type  of  combination 
associated  with  controlable  reception  pattern  antennas  (CRPA) , 
system  counter  jamming  characteristics  are  able  to  improve 
further.  This  is  because  CRPA  antennas  are  capable  of  surveying 
Damming  signals.  In  conjunction  with  this,  antennas  are  made  not 
sensitive  in  terms  of  jamming  direction.  Moreover,  in  combined 
situations,  before  aircraft  emerge  from  jammer  effective  ranges. 
It  IS  possible  to  use  inertial  guidance  to  act  as  the  primary 
navigational  means . 

The  fourth  reason  is  that  inertial  guidance  systems 
associated  with  embeded  GPS  will  be  very  greatly  reduced  in 
volume  and  weight  as  compared  to  independent  GPS  and  INS.  Among 
certain  delivery  vehicles  which  stress  weight,  such  as 
helicopters  and  missiles,  this  is  an  important  factor.  For 
example,  the  H-764G  combination  system  associated  with  embeded 
GPS  and  with  the  addition  of  FRPA  has  a  total  weight  of  9.3kg. 
However,  a  type  of  set  up  including  U.S.  Air  Force  laser 
gyroscope  standard  inertial  navigation  instruments,  independent 
MAGR  model  GPS  receivers,  added  CRPA,  and  related  antenna 
electronic  circuits  weighs  35kg  (besides  coaxial  electric  cables, 
it  IS  capable  of  making  the  overall  weight  greatly  increase) . 

In  summary,  technology  at  the  present  time  has  already  taken 
this  step  forward,  that  is,  compact,  light  weight,  and 
inexpensive  GPS  receivers  have  already  been  turned  into  ones 
capable  of  pluging  into  systems,  and  inertial  navigation  systems 
are  nothing  more  than  one  of  other  systems  of  this  type.  Embeded 
type  GPS/INS  has  hopes  in  the  future  of  further  reducing 
dimensions,  weights,  powers,  and  costs.  As  a  result,  one  of  the 
keys  to  continuous  miniturization  lies  in  the  area  of  inertial 
sensors.^  Besides  this,  although  research  associated  with 
combination  systems  will  be  primarily  used  for  military  purposes, 
the  spin  offs,  however,  can  be  used  in  civilian  aviation.  After^ 
U.S.  military  aircraft,  large  model  administrative  jet  planes  and 
the  majority  of  civilian  jet  planes  can  very  possibly  opt  for  the 
use  of  syntheses  of  GPS  and  inertial  reference  systems  (IRS)  or  a 
type  of  combined  IRS/ ADS  (atmospheric  data  system) /GPS  system — 
for  example,  the  French  A321  civil  aviation  aircraft  just  opted 
for  the  use  of  the  latter  type  of  design. 

(4)  GPS  Attitude  Determination 

For  a  long  time,  all  antenna  systems  took  aircraft  to  be  a 
point  target  in  order  to  carry  out  measurements.  Moreover,  the 
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aguisition  of  relatively  accurate  flight  attitude  data  depended 
mostly  on  nonantenna  instruments  on  aircraft.  In  particular 

Sf  the  introduction 

eS  to  the  world— especially  after  the  appearance 

latf  carrier  wave  phase  tracking  technology  in  the 

starting  first  of  all  from  high  level 
institutes  and  schools,  a  surge  of  research  associated  with 
making  use  of  GPS  to  measure  aircraft  flight  attitude. 

>-^=1  technology  associated  with  using  GPS  receivers  to 
realize  attitude  measurements  is  called  GPS  interferometry,  its 
basic  principle  is  the  application  of  interference  in  antenna 

receiving  antennas  positioned  at  two  or 
more  locations  in  order  to  accurately  determine  minute 
displacements  associated  with  base  lines  connecting  these 
antennas.  On  aircraft,  it  is  then  possible  to  go  through  GPS 
interferometers  to  supply  relative  positions  associated  with 
various  points  on  the  aircraft.  The  aircraft 
attitude  IS  then  derived  from  these  positions.  The  foundation  of 

taking  GPS  measurement  positioning  accuracies 
and  increasing  them  to  cm  or  even  higher  orders  of  magnitude.  It 
IS  on  y  in  this  way  that  it  is  then  possible  to  compare  angular 
isplacements  of  lines  connecting  phase  centers  of  two  receivina 
antennas  on  the  same  base  line  relative  to  the  refereL^  ^ 

location. 

According  to  the  most  recent  reports,  GPS  attitude 
determination  has  already  reached  the  level  where: 

regard  to  base  lines  with  lengths  that  reach  30m, 

^  If  it  is  possible  to 

actualize  precise  control  of  such  things  as  multiple  path 

Jlfch^ollm^ad?""^  types,  locations,  and  so  on,  precisions  can  then 

^°rrection  rates  are  capedjle  of  reaching  IkHz.  /6 

--Initialization  processes  are  calculated  using  s. 
choT-T  recent  tests  at  the  U.S.  Stanford  University  clearly 

after  GPS  is  used  to  precisely  determine  aircraft  ^ 

^  ®  receiver  unit  is  capable  of  replacing  over  50%  of  the 

current  cockpit  instruments.  During  tests,  4 
GPS  microband  even  and  level  antennas  are  respectively  installed 
on  the  two  wing  tips  of  aircraft,  the  tip  of  the  fuselage,  and 
vertical  tail.  Normally,  antennas  can  see  5 
satellites.  Moreover,  4  satellites  can  be  used  in  order  to 
precisely  determine  three  dimensional  positions.  However  test 

®  satellites  blocked,  obtaining  a 
solution,  however,  only  requires  2  satellites, 
measurement  process,  there  are  always  at 
i?  placed  within  the  range  of  the  antenna  field 

sharp  turns  and  twisting  maneuvers.  During 
option  IS  made  for  the  use  of  a  3m  receiver  base 
n  results  are  that  attitude  precisions  are  better  than 

1  warping  determinations  are  1.4mm.  The  obtaining  of 

the  latter  datum  is  an  unexpected  aguisition,  that  is,  when  using 
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GPS  to  do  measurements,  deformations  of  aircraft  structures 
placed  under  stress  can  be  used  as  an  accelerometer  because  they 
give  precise  measurements  of  wing  warping  in  flight.  Tests  also 
clearly  show  that  taking  GPS  and  using  it  as  a  course  sensor  is 
very  attactive  because  it  is  not  influenced  by  magnetic 
variations.  Speaking  in  terms  of  attitude  sensing,  GPS  also  has 
advantages.  The  reason  is  that  it  will  not  be  damaged  because  of 

•  with  inertial  systems  or  precession  associated 

With  spinning  gyroscopes. 

Research  results  reported  in  early  1993  from  Germany's 
Munich  University  are  capable  of  representing  the  newest  level  in 
this  technology.  They  opted  for  the  use  of  the  newest  DGPS/INS 
techniques  and  got  high  precision  aircraft  navigation  system 
performance  which  was— position  precision  5cm,  attitude  precision 
o;06^d(0.2') .  The  basic  composition  of  this  type  of  system  is 
^li^ht  DGPS  which  opts  for  the  use  of  carrier  wave  phase 
fuzziness  solutions  and  telemetry  which  opts  for  the  use  of  new 
carrier  wave  phase  corrections.  Moreover,  included  among 
inertial  system  <^ick  change  algorithms  there  are  compensations 
for  circular  conical  and  propeller  error  as  well  as  aerial 
alignment  capabilities  possessed  by  inertial  guidance  systems. 

It  seems  that,  at  the  present  time,  GPS  attitude 
determination  technology  is  just  in  the  midst  of  the  stage  of 
going  from  laboratory  development  to  engineering  tests.  Once 
this  technology  has  achieved  a  breakthrough,  GPS  functions  will 
be  added  to  by  one.  The  attitude  data  makes  carrier  bodies 
placed  in  motion  ^  then  capable  of  completing  alignment  within  a 
few  seconds.  This  is  creating  conditions  for  aerial  alignment  of 
aircraft  inertial  navigation  systems.  GPS  attitude  determination 
IS  the  use  of  a  relatively  low  cost  means  in  order  to 
characterized  aircraft  attitude.  Besides  this,  it  can  also 
furnish  to  automatic  pilot  instruments  high  quality  dynamic 

data,  thereby  making  it  possible  to  produce  even  more 
effective  corrections  and  to  provide  even  more  stable  flights  for 
passengers.  If  GPS  attitude  determination  functions  are  put  into 
practical  use,  then  the  superiority  of  GPS  and  INS  combinations 
will  be  manifested  even  more  fully. 

GPS/INS  Combination  Guidance  Is  an  Important  Direction 
in  the  Development  of  Chinese  Military  Aircraft 

GPS/INS  combinations  are  the  biggest  requirement  in  military 
terms.  The  reason  lies  in  the  fact  that  this  type  of  combination 
IS  capable  of  very  greatly  increasing  system  counter  jamming 
capabilities.  In  the  last  10  years,  the  course  of  the 
development  of  inertial  technology  associated  with  military 
aircraft  is  primarily  one  of  taking  inertial  technology  as  the 
basic  means  and  using  GPS  to  act  as  an  external  information 
source  to  carry  out  strengthening  and  improvement  wiht  regard  to 
inertial  navigation.  The  U.S.  Defense  Department,  in  its  most 
recently  announced  "Federal  Radionavigation  Project"  (FRP) 
stipulates  that  "Positioning/navigation  systems  associated 'with 
systems  for  military  use  will  be  based  on  GPS,  which  uses 
autonomous  systems  (including  inertial,  Doppler,  and  terrain 
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matching)  as  its  foundation”.  Even  the  ti  q  ^ 

navigation  systems  should  use  inertial  terhnoi  its 

foundation.  In  that  case  ItaS?^^  o,,4-  ? 

situation,  the  key  pos???on  o?  Jne?t?2  fecSnS^”^’^  national 
aircraft  should  theS  be  stressed  ev^n  mo^e  ^^"^  military 
The  advantages  of  GPS/INS  combinations  are  primarilv 

counter  janning  capabilities  of  the  entire 

"wJ?r?^“d’’?o‘'Sgnrit"''“  capabilities 

“S1ne^ti:i"irsL?S“'"'“  requirements  with  respect 

faster‘’deve?lpmfrt"o/?hSS?fin2?iiai®Sef^S“-''^*‘' 

very,  very  far  from  being  able  to  satisfr^fLf^  ^ 

However,  GPS  is  one  tvoe  nf^  T'oaHtr  «  a  mission  requirements. 

mutual  complementation*^efffcts  of  it'^and^lnq^h'*®*^®  resource.  The 

?rorX?\f  ?^|ice"?LrtiarSL”s«t"""  °?  this'la?^ 

with  the  three  stages  below  proceeding  in  accordance 

.ssis£U?L^^^^^^^^  Of  CPS^^ 

that  are  mutually  independent  and  ^  ^JJ®^tial  ^idance  systems 

Mr‘j:ss£“s“ 

poirf ormance  conforms  to  standard  inertial  •  4. 

So°n“:nct?oT:Si;|^^ir'^jii^,%L^^ 

°?  satiljj?”“hatively  well 

navigation?“^h:"ia^rc”“erS™t^e"^ 

establishment  of  models  alsociatS  design  is  the 

pSsLIsef  ^PP°y“raircraft°attit5^rinfo™rtionf  « 

possesses,  moreover,  crude  navigational  functions  tfo“;xample, 
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navigational  precision  is  5n  mile/h) .  GPS  acts  as  one  type  of 
speed  assistance  source,  capable  of  making  this  type  of 
combination  system  achieve  very  great  improvements  in  terms  of 
position  accuracy,  thereby  making  the  entire  system  reach 
inertial  navigation  system  performance  levels.  Moreover,  the 
price  is  only  1/4  -  1/5  that  of  the  same  type  of  inertial 
guidance  system.  Aircraft  not  equiped  with  inertial  guidance 
systems  (for  example,  light  combat  aircraft  and  the  majority  of 
helicopters)  could  possibly  reject  the  reception  of  INS/GPS 
combinations.  However,  opting  for  the  use  of  GPS  in  combination 
with  a  type  of  light,  convenient,  and  inexpensive  quick  connect 
course  and  attitude  system  is  then  relatively  easy  for  this  type 
of  aircraft  to  accept. 

China's  flexible  gyroscope  technology  was  an  important 
breakthrough  during  the  period  of  the  "75"  plan.  The  quick 
connect  type  navigation  and  attitude  system  which  was  constructed 
using  this  was  also  successful  in  preliminary  development. 
Therefore,  taking  it  and  creating  a  system  with  GPS  would  not  be 
too  difficult  in  technical  terms.  However,  in  the  retrofitting 
of  Chinese  helicopters  and  light  combat  aircraft,  there  will  be  a 
very  large  market.  In  this  way,  not  only  are  market  demands 
satisfied,  it  will  also  make  different  standards  of  inertial 
systems  exert  effects  in  applications  at  different  levels. 


((3))  Research  the  Timely  Development  of  Embeded  Inertial 
Systems  (EGI) 

The  status  of  U.S.  EGI  development  has  already  been 
introduced  above.  In  recent  years,  primarily  the  European 
inertial  navigation  manufacturing  companies  have  also  accelerated 
the  creation  of  this  type  of  system.  However,  their  nations 
still  hold  reluctant  attitudes  at  the  present  time  with  regard  to 
opting  for  the  use  of  this  type  of  technology.  For  example,  the 
French  air  force  has  already  installed  independent  GPS  receivers 
on  its  new  dogfighter  aircraft.  After  that,  data  goes  through 
trunk  lines  and  a  communications  link  is  set  up  with  navigation 
systems.  The  initial  plan  of  the  British  Royal  Air  Force  is  also 
to  select  a  type  of  improved  INS  and  independent  GPS  receivers, 
in  this  way,  using  the  two  case  loose  or  close  coupling  designs. 
The  primary  reasons  lie  in  the  costs  of  these  combination 
designs,  which  will  be  lower  than  EGI  systems. 

Limited  by  U.S.  policy  regulations,  China  is  not  able  to 
make  use  of  P  code  receivers.  However,  we  can  go  through 
research  on  EGI  systems  in  order  to  offset  the  influences  of  SA, 
thereby  making  the  precisions  associated  with  combination  systems 
which  opt  for  the  use  of  C/A  code  receivers  go  up,  in  conjunction 
with  this,  very,  very  greatly  reducing  cost/benefit  ratios.  We 
can  draw  lessons  from  such  nations  as  the  U.K.  and  France, 
beginning  the  development  of  EGI  research  on  the  foundation  of 
experience  with  combinations  which  has  already  been  obtained.  We 
are  capable  of  procuring  GPS  sensors  from  outside  of  China  to 
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manufacture  embeded  type  GPS  receivers,  in  conjunction  with 
tnis,  use  IS  made  of  development  results  for  Chinese  laser 

optical  fiber  gyroscopes  to  create  EGI-~in  order 
combat  aircSft^^*^^^^”^^”^^  associated  with  a  new  generation  of 

3  Newest  World  Technologies  Associated  with  Tracking  GPS  Field 
Approach  and  Landing  ^  r±e±a 

.  T recent  years,  civil  aviation  circles  and  industrial 
circles  have  studied  a  good  number  of  techniques  to  strengthen 
problems  surrounding  GPS  use  in  precision  field  approach  and 
landing  flights.  Among  these,  difference  GPS  (DGPS)  technoloav 
IS  only  one  type  of  concept  for  GPS  use  in  increasing  the 
assurance  of  field  approaches  and  landings.  At  the  present  time 
It  IS  universally  acknowledged  that  these  strengthening  ' 

techniques  already  have  no  problem  with  the  area  of  making  GPS 
achieve  the  accuracies  required  for  precision  field  approaches. 
The  actual  problem  at  the  moment  is  the  integrity  and  continuity 
of  service  as  well  as  how  to  make  use  of  practical  methods  in 
1  these  performances,  in  view  of  this,  the  FAA  has 

already  begun  a  three  stage  plan  in  order  to  speed  up  progress 
toward  GPS  equipment  used  for  precision  field  approach^ 
navigation . 

(1)  GPS  Aviation  Application  Schedule 

1992,  the  FAA  promulgated  a  technical  standard 
directive  TSO  C-129  in  order  to  provide  a  loophole  for  aviation 

current  C-115  standard  requires  that 
all  GPS  systems  that  satisfy  this  level  should,  in  all  /9 
cases,  carry  out  cross  monitoring  and  control  with  regard  to 
their  performance.  The  method  is  to  opt  for  the  use  of 

systems  to  act  as  reference.  However,  as 
far  as  the  C-129  regulation  is  concerned,  all  systems  which 
satisfy  Its  performance  and  utilization  standards  (including  GPS 
permited  to  function  as  complementary  navigational 
S  mainland  flight  routes  and  terminals 

their  use.  "Complementary''  has  a  loose  type  of 
in  outside  chance  that  malfunctions  appear 

in  GPS,  aircraft  are  only  required  to  rely  on  VOR  receivers  to 

spares.  On  the  basis  of  the  requirements  of  TSO  C-129 _ 

with  respect  to  in  flight  and  terminal  utilizations — full 
dimensional  deviation  is  5n  mile.  For  use  in  field  approach 

it^il^o^fJJ^mno  approach  positioning, 

/fAc  ^nway  entry  locations,  it  is  reduced  to 

comparision  to  GPS  receiver  precisions 
in  Table  2,  it  is  clearly  shown  that— opting  for  the  use 
of  strengthening  technologies— GPS  has  the  capability  to  reach 

approach  accuracy  requirements  associated  with  C- 

In  order  to  speed  up  the  turning  of  GPS  into  civil  aviation 
uses— on  the  foundation  of  the  C-129  regulation — the  FAA  took  the 
standard  and  divided  it  into  three  stages.  In  conjunction  with 
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^y  step,  in  all  phases  of 

flights  in  flight,  transoceanic,  terminal  area,  as  well  as 
nonprecision  field  approaches. 

On  9  June  1993,  the  FAA  announced  a  decision  with  milestone 
significance,  that  is,  U.S.  fliers  can  make  use  of  GPS 
navigational  signals  in  all  phases  of  flight  to  act  as  a 
complementary  navigational  means.  The  first  phase  of  the  three 
phase  plan  begins  with  this.  It  represents  the  U.S.  taking  the 
first  step  toward  aviation  applications  of  navigation  systems 
based  on  GPS  satellites.  i  ‘=> 

.  ,  rough  meaning  of  Phase  I  is  to  premit — under  instrument 
flight  regulations  (IFR) — the  primary  utilization  of  GPS  to 
complete  nonprecision  field  approaches  as  well  as  flights  on 

and  transoceanic  routes.  However,  it  is  necessary  to 
satisfy  the  three  conditions  below. 

((1))  On  aircraft,  other  already  approved  navigational 
systems  must  be  installed — for  example,  dual  inertial  systems  or 
dual  omega  systems.  This  traditional  navigational  equipment  is  a 
complementary  foundation  to  act  as  a  spare  for  GPS  in  order  to 
guarantee  the  operations. 

((2))  As  far  as  GPS  field  approaches  are  concerned,  it  is 
necessary  to  superimpose  navigation  systems  based  on  the  ground. 
That  IS  also  nothing  else  than  saying  that  pilots  flying  GPS 
superimposed  field  approaches  must  monitor  and  control  already 
approved  non  GPS  navigation  equipment.  Ground  equipment  used  in 
overlaping  instrument  field  approaches  are  primarily  such  ones  as 
Fuer  (phonetic) ,  Takang  (phonetic) ,  nondirectional  beacon  (NDB) , 
as  well  as  regional  navigation,  and  so  on. 
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Table  2  C/A  Code  GPS  Reciever  Positioning  Accuracy 


'■j)  ^ 


S  (12  353) 

(SA)  1 

®i5** 

1 

I 

(m) 

1 

:  y/' 

! 

20 

y/ 

y/  i 

100 

v/ 

y/ 

v/ 

5 

! 

v' 

■ 

• 

19  ; 

* 

v/ 

y/  ; 

• 

100 

t 

1  I 

v' 

y/  : 

v/ 

3.5 

y/  y/ 

:  y/  ! 

y/  ! 

0.2  : 

Key:  (l)  Receiver  (2)  Code  Following  (2  Channel)  (3)  Carrier 

Wave  Phase  Tracking  (12  Channel)  (4)  Smooth  (5)  Moving  (6) 
Selected  Availability  (SA)  (7)  Local  Difference  (8)  Typical 
Precision 

_  ((3))  GPS  field  approaches  must  be  plugged  into  avionics 
data  bases.  Moreover,  field  approach  course  points 
must  be  automatically  displayed  in  a  continuous  sequence. 

By  the  time  of  the  public  FAA  announcement  on  9  June  1993, 
the  FAA  had  already  made  use  of  GPS  to  carry  out  5000  iterations 
of  nonprecision  field  approaches  at  2500  domestic  airfields.  /lO 
Phase  II  is  projected  to  begin  in  November  1993.  At  this 
time,  the  Department  of  Defense  will  announce  that  GPS  has 
achieved  initial  operating  capability  (IOC) .  As  far  as  the  so 
called  IOC  is  concerned,  what  is  indicated  is  that,  at  the 
appointed  time,  the  complete  24  satellite  constellation  (21 
operating  satellites  and  3  "hot  spare"  satellites)  will  be  in 
operational  configuration.  Within  a  24h  global  range,  it  will  be 
possible  to  obtain  adequate  GPS  signals  so  as  to  reach  100m  level 
positioning  accuracies  (within  95%  time  periods) .  If  signal 
availability  drops  somewhat,  the  U.S.  Defense  Department  will 
make  a  public  announcement  at  least  48h  beforehand.  As  compared 
to  the  other  type  of  capability,  what  is  called  full  operational 
capability  (FOC)  is  made  use  of  purely  to  supply  military 
subscribers.  It  will  be  brought  up  later. 

In  Phase  II,  if  airborne  receivers  possess  "receiver 
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autonomous  integral  monitoring  and  control”  (RAIM)  capabilities 
or  equivalent  GPS  integral  monitoring  and  control,  then,  pilots 
have  no  need  to  monitor  other  ground  based  navigational 
equipment,  and  option  is  made  for  the  use  of  GPS  to  act  as  the 
primary  flight  guidance  in  order  to  make  precision  instrviment 
field  approach.  However,  at  this  time,  GPS  field  approach  will 
still  be  overlaped  by  a  ground  based  navigation  system.  We 
mention  this  in  passing  and  will  refer  to  it  later.  The 
presupposition  for  the  drawing  up  of  standard  C-129  is  RAIM. 

This  is  a  complicated  software  program.  All  GPS  receivers  for 
which  option  is  made  in  IFR  field  approach  will  opt  for  its  built 
in  use.  The  reason  is  that  it  is  capable  of  providing  self- 
diagnostic  capabilities  in  order  to  guarantee  the  integrity  and 
precision  of  GPS  satellite  transmissions. 

With  the  arrival  of  Phase  III,  pilots  will  opt  for  the  use 
of  GPS  receivers  already  equiped  with  RAIM.  Ground  based 
navigation  equipment  will  be  eliminated.  As  far  as  GPS  field 
approach  is  concerned,  it  will  be  included  in  the  topic  of 
instrument  field  approach,  that  is,  it  will  be  permissible  to 
completely  use  only  one  means,  opting  for  the  use  of  TSO  C-129 
equipment  to  use  in  navigation  and  nonprecision  field  approaches. 
The  time  table  associated  with  phase  III  has  still  not  been 
precisely  determined.  However,  the  last  date  for  procurement  to 
be  used  in  class  I  instrument  landing  systems  (ILS)  is  projected 
as  1995.  Moreover,  1995  is  the  date  that  the  U.S.  Defense 
Department  plans  to  reach  GPS  satellite  constellation  FOC.  At 

time,  GPS  systems  will  be  capable  of  replacing  one  among  the 
other  long  range  navigation  systems  which  have  already  been 
approved.  Moreover,  speaking  in  regard  to  certain  short  range 
transoceanic  flights,  which  only  require  one  long  range 
navigation  means,  it  is  then  possible  to  only  opt  for  the  use  of 
single  GPS  systems  carrying  RAIM. 

What  Table  3  presents  is  a  possible  development  schedule 
announced  by  the  FAA  for  precision  field  approach  navigation 
systems  at  the  25  March  1993  international  "Future  of  Precision 
Landing  Systems"  conference.  Table  4  is  the  implementation 
process  planned  by  the  FAA  for  GPS  applications  in  aviation  as 
announced  in  August  1993.  In  accordance  with  the  schedule  at  the 
present  time,  in  1988,  the  MLS  (microwave  landing  system)  will 
become  the  global  standard  for  precision  landing.  However,  the 
previous  generation  ILS  will  still  be  around  for  approximately  5 
years  in  order  to  guarantee  a  smooth  transition.  At  the  present 
time,  there  are  more  and  more  people  supporting  opting  for  the 
use  of  navigation  based  on  GPS  in  order  to  take  the  place  of  the 
expensive  MLS .  However — even  though  GPS  is  only  capable  of 
supplying  service  levels  which  approach  level  I  MLS — the 
objective  of  the  FAA  is  primarily  aimed  at  taking  GPS  and  raising 
It  to  standards  equivalent  to  MIL  II  level.  From  Table  4,  it  can 
be  seen  that  the  year  1993-1994  is  the  key  year  for  GPS  aviation 
applications.  Acting  as  a  type  of  "complementary"  navigation,  it 
will  enter  into  various  stages  of  flights.  Moreover,  navigation 
performance  is  projected  to  completely  attain  ICAO  requirements 
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by  the  middle  of  1995. 

(2)  GPS  Strengthening  Technologies  Under  Development 

The  challenge  that  the  FAA  faces  is  whether  or  not  it  is 
able  to  opt  for  the  use  of  GPS  to  carry  out  I,  II,  and  III  level 
field  approach.  However,  in  recent  years,  GPS  strengthening 
technologies  have  achieved  great  development.  As  a  result,  the 
FAA  is  full  of  information  with  regard  to  this.  Below,  there  is 
a  simple  introduction  of  a  few  types  of  GPS  strengthening 
technologies  which  have  the  possibility  of  speeding  up  the 
realization  of  GPS  precision  landing. 


Table  3  Development  Schedule  for  Precision  Field  Approach 
Navigation  Systems 


1992-1996 

1994 

1995 

1995  (approx) 
After  1995 

1997- 2000 
1998 

1998- 2005 
1998-2005 
1988 


Microwave  Landing  System  (MLS)  Development 

GPS  Level  I  Demonstration 

GPS  Specialized  Level  I  Operation 

GPS  Level  II/Ill  Feasibility  Determination 

Bare  Minimum  Amount  of  ILS  Installation 

255  MLS  Ground  Stations  Set  Up 

GPS  Complementary  Level  I  Operation 

Level  I  Operation  with  GPS  as  Sole  Means 

ILS  Begins  Elimination 

MLS  Begins  ICAO  Transition  Period 


Table  4  Implementation  Process  Planned  by  FAA  for  GPS  Aviation 
Applications 


^ - Sf - g)  0  ^  @ 

^  I  1994  ^  !  1995  #  ]  1996  ^  1997  ^  1998  C'^1999  ^  2000  ^  i  2005*^ 


(25  ☆ — GPS  a- 

□ - GPS 

O - 


JPS 

— GPSiSa 


Key:  (i)  Aviation  Phase  (2)  Year  (3)  Transoceanic 

Routes  (4)  Land  Routes  (5)  Terminals  (6)  Nonprecision  Field 

Approach  (7)  Level  I  Precision  Field  Approach  (8)  Level 
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Field  Approach  (9)  Note:  (star) — GPS  acts  as 
multiple  sensor  navigation  input  (triangle) — GPS  acts  as 

(square) —GPS  acts  as  strengthening  for 
navigation  characteristics  required  +  —Used  in  level  I  GPS 
strengthening  (circle) — Determination  of  feasibility  /ii 


((1))  Difference  GPS  (DGPS) 

large  amounts  of  experimentation  and 
flight  testing  which  have  been  carried  out  clearly  show  that  DGPS 
has  ^  very  ^  great  potential  in  the  area  of  increasing  GPS 
positioning  accuracy.  Moreover,  it  is  also  capable  of  being  used 
in  order  to  detect  and  compensate  for  satellite  malfunctions  in 

result,  it  possesses  important  significance  with 
respect  to  guiding  aircraft  to  automatic  landings. 

NAIC“ID(RS)T-0059-96.1  /II 

, definition  of  DGPS  is  opting  for  the  use  of  a  type  of 
stationary,  ground  based  GPS  receiver  (GBR)  the  antenna  position 
Of  which  IS  determined  to  reach  cm  levels  of  accuracy  it  is 
used  in  order  to  precisely  determine  satellite  clock  errors, 
atmospheric  errors,  and  position  errors.  After  that,  these 
correction  values  are  taken  and — making  use  of  data  links — are 
transmited  in  real  time  for  the  airborne  receivers  (ABR)  within 
Its  coverage  region,  making  the  latter  use  these  data  in  order  to 
correct  their  own  positioning  solutions,  achieving  the  objective 
of  improving  their  own  positioning  accuracies. 

The  characteristics  of  DGPS  are: 

comparisions  are  carried  out  of  reference 
measurements  with  measured  positions; 

users  opt  for  the  use  of  corrections  (users  and 
references  opt  for  the  use  of  the  same  satellite) ; 

-“Common  errors  are  eliminated  (offset  errors  are 
greatly  reduced) . 

The  principal  sources  of  errors  associated  with  DGPS  are 
noise  and  multiple  paths.  At  the  present  time,  a  good  number  of 
receivers  already  have  effective  wave  filter  technologies  to 
reduce  this  type  of  noise  influence.  However,  multiple  paths  are 
still  an  important  obstacle.  This  is  particularly  the  case  in 
precision  navigation  applications  on  the  ground  or  approachinq 
H°^®v®^'  in  international  terms,  a  type  of  optimal 
DGPS  receiver  structure  which  was  most  recently  put  forward— 
multiple  path  detepnination  delay  locked  circuits — has  a 
possibility  of  making  this  problem  reduce  to  controlable  levels. 

The  concept  of  macrozonal  difference  has  also  gotten  study 
in  recent  years  for  example,  the  Inmarsat-3  satellite  was 
prepared  to  broadcast  difference  corrections  for  civilian  GPS 
users.  The  first  Inmarsat-3  satellite  is  projected  for  launch 
into  geosynchronous  orbit  at  the  beginning  of  1995.  It  can  be 
used  in  order  to  broadcast  the  same  kind  of  GPS  signals.  The 
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((3))  Kinetic  GPS  Landing  System  (KGLS) 

for  capable  of  supplying  adequate  precision 

^  ^  approach.  However,  vertical  precisions  are 
forecast  as  being  3m-5m — not  adequate  to  satisfy  relativelv  low 

two  types  of  landings  respectively  require  1.8m  and  0.6m 
precisions.  However,  KGLS  is  capable  of  making  DGPS  system 

increase.  Altitude  errors  associated  with  test 
flights  do  not  reach  0.3m. 

mu  increasing  positioning  precisions  a  step 

further.  The  reason  is  that  it  opts  for  the  use  of  carrier  wave 
phase  tracking  technology.  Making  use  of  this  type  of  carrier 

possible  to  use  the., 

to  calculate  whole  number  period  fuzziness”  problems.  The 
motions  of  satellites  themselves  in  orbit  as  well  as  relative 
movement  between  satellites  and  aircraft  make  the  GPS  sianals 
received  by  GPS  receivers  on  planes  produce  Doppler  frequency 
cause  of  this  is  the  formation  of  whole  number  ^ 
period  fuzziness,  thus  influencing  positioning  accuracy. 

.  ^^,M^^ch  1993  at  the  second  annual  difference  satellite 
navigation  meeting,  the  U.S.  Stanford  University  put  forward  the 
concept  of  what  was  called  the  "Stanford  bubble",  which  is 
nothing  else  than  this  kind  of  system.  It  opts  for  the  use  of 
pseudo  satellite  transmiting  stations  and  one  ground 
reference  station.  The  former  send  out  false  GPS  satellite 
signals.  The  latter  simultaneously  receives  true  GPS  sianals 
(with  frequency  deviation)  and  false  GPS  signals  (without 

:  After  correlation,  they  are  sent  out  again 
to  aircraft  approaching  fields.  Due  to  the  position  of  the 

it^is'^oSs^i?^  being  already  precisely  known,  as  a  result, 

aLu?ac?S^  T  systems  increase  positioning 

^curacies.  Low  power  (a  few  mW)  is  the  key  to  this  concept. 

positioned  close  by,  low  power  transmission 
eliminates  the  problem  of  GPS  satellite  transmissions  possibly 
eing  cut  down  by  false  satellite  transmissions.  Besides  this 
low  power  also  produces  clear  regional  characteristics,  it  is' 
only  when  signals  are  within  the  region  in  question  that  it  is 
then  possible  to  receive  them. 

((4))  GPS  Relative  Guidance  Systems 

difference  GPS  has  already  become  the 

wh?£h  attention,  the  relative  navigation,  however, 

which  industrial  circles  most  recently  put  forward  is  also 
apable  of  achieving  DGPS  navigation  results.  The  foundation  of 
relative  navigation  is  that,  knowing  the  relative  positions  of 

aircraft  and  receivers  of  a  target  airfield 
of  each^receive?.”^^®  precise  than  knowing  the  absolute  positions 

receivp^rSI  cations,  aircraft  approaching  fields  must 

satellite  signals  to  precisely  determine  their  own 
absolute  position.  Signals  sent  out  by  airfield  beacons  are 
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received  to  precisely  determine  the  relative  positions  of 
aircraft  and  airfield.  After  comparing  thl  tS^  i^  is  tLn 
points  ^^l^ulate  out  vectors  of  aircraft  r4lative  to  landing 

One  of  the  advantages  of  relative  navigation  is  that 

onftno  J  expense  and  calculation  time.  Aircraft 

oomScia!  SSieial  aI  fresS?  temporary/13 

ceacons  must  track  the  same  satellite.  As  a  ?2ult 

need  to  coordinate  consistently.  result,  there  xs  a 

show  that^?hi°«£^®^®  which  have  already  been  completed  clearly 

systems  are  within^fi^in  eve^^^Sil!  "vlrticaiyLisionrS"^^® 

to  Li  to  prepare 

interaationally.  The  O.s.  attitude  is  alrJI!dr?e?y  clear  The 
U?s.'^ai?fieldJ®iMLii?  ^  "^^t  year  in^egard  to  5000 

Britf.h;;.?i  J  "til  make  use  of  GPS  field  approach.  The 

^ttitud©  IS  vsirv  csutious  +-1-1^  ^  • 

fol  itH  ?Lk 

of  toe  busiest  airfields  (Guangzhou's  Baiyun  Field  BeiilnSU 
eie^^ore  -  wf^tficcomodate 
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technology.  GPS  precision  landing  technology  is  capable  of  usina 

to  supply  automatic  lanllng  capfblut?fs?  T 
a  result,  as  far  as  making  use  of  GPS  to  realize  airfield 

?°^®tni2ation  is  concerned,  this  possesses  ^ 
China.s^v!a?iSrindStJ?®^’'''  development  of 

The  FAA  has  already  recommended  to  the  ICAO  that  in  thfi 
SoDoLd^^?^J°”  navigation  system  (FANS) ,  which  is  vigorously 
proposed,  future  civil  aviation  navigation  missions  be  underLken 

believes  that  satellite  navigStiSn 
represents  one  type  of  opportunity.  Through  opting  for  the  use 
a  type  of  interchangeable  receiver,  it  is  possible  to  make 
civil  aviation  operations  standardized  at  any  locality  on  the 
globe.  The  FAA  also  clearly  put  forward:  4he  p?inSpS  siLle 

the  21st  century  will  be  provSed'^by 
global  navigation  satellite  system  (GNSS) .  Satellite  naviqation 
^^apable  of  leading  to  the  diLontinuing  of  cuJ?eni 
the  ^^bional  airspace  ground  equipment."  Although  at 

the  pesent  time,  GNSS  is  still  in  the  early  stage  of  ^ 

however,  providing  a  national  standard  as 
ffioht  methods  to  guarantee  that  all  phases  of 

S  arL  obtain  high  precision  positioning  information— 

“n^c?  bf potential.  As  a  result,  this  great  trend 

intem4tlona?'^iL??  begin  to  get  on  track  with  the‘^*'“^ 

departments,  it  is  also  a  mission  ?Sr  our 
scientific  research  departments.  First  of  all  is 

2*  ®  the  developminl  of  chiia^S 

?h™  civil  aviation.  In  conjunction  with  this 

there  should  be  no  break  in  the  line  in  terms  of  research  ^ 

lSu2t?3^r  precision  landing.  The  General  Aviation 

test  has  a  foundation  of  studies,  experiments,  and 

It  is  landings  of  more  than  two  years. 

tLtnfT^?h?f  possible  to  create  conditions  for 

taking  this  tracking  and  testing  work  and  carrying  it  out 

Otherwise,  the  gap  with  the  intemaSonal,  wSch  is 
basically  not  large,  will  grow  bigger.  This  is  very  regretable. 

4  Brief  Summary 

Personages  in  global  aviation  circles  and  industrial  circles 

communications,  navfgSJon!  fSd 
monitoring  systems  based  on  satellites  will  become  the  key  to 
improvements  in  global  civil  avitation  industries,  in  ^ 
conjunction  with  this,  they  will  very,  very  greatly  give  impetus 
to  the  development  of  military  aviation.  As  a  «sSltrihiSSr 

GPS*av?at?o'*  development  work  associated  with  the  development  of 
GPS  aviation  applications  is  correct  and  timely. 

+.K«  su^arize  what  was  described  above,  considering  it  from 
factors,  the  author  believes  that,  in  GPS  aviation 
applications,  there  is  a  need  to  stress: 
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„  .  Seize  opportunities  to  study  GPS/INS  combination 

navigational  systems  using  inertial  navigation  as  their 

inertial°SaviaatioJ!'*‘?  the  development  of  Chinese 

navigation  technologies.  Promote  breakthroughs  in  key 

"iiSS  IKS!  ■*“  “ 

energies  to  track  and  test  GPS  precision 
ding  flights,  seeking  out  domestic  users  to  provide  aircraft 
fS? airfields,  and  potential  mSrteS! 

Objective  IS  to  complete,  within  the  next  3-5  years,  the  entire 
process  of  GPS  precision  landing  refit — test  flight — installation 

facilitate  not  losing  tofoppSrtSiit^ 
ultimately  capture  the  domestic  market. 

T^V  Close  attention  to  the  FANS  project,  carried  out  bv 

the  International  Civil  Aviation  Organization  (ICAO) 

exchange  activities  inside  aAd  outside 
nut  oration  tracking  and  research.  Strive  to 

put  the  development  of  Chinese  civil  aviation  activities  into 
arge  international  civil  aviation  programs  early  on  makina 
China's  aviation  enterprises  really  mo4  toward  the  world.  ^ 
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